Detailed studies on mammals and birds have shown that the effects of climate variation on population dynamics often depend on population composition, because weather affects different subsets of a population differently. It is presently unknown whether this is also true for ectothermic animals such as reptiles. Here we show such an interaction between weather and demography for an ectothermic vertebrate by examining patterns of survival and reproduction in six populations of a threatened European snake, the asp viper (Vipera aspis ), over six to 17 years. Survival was lowest among juvenile and highest among adult snakes. The estimated annual probability for females to become gravid ranged from 26% to 60%, and was independent of whether females had reproduced in the year before or not. Variation in juvenile survival was strongly affected by winter temperature, whereas adult survival was unaffected by winter harshness. A matrix population model showed that winter weather affected population dynamics predominantly through variation in juvenile survival, although the sensitivity of the population growth rate to juvenile survival was lower than to adult survival. This study on ectothermic vipers revealed very similar patterns to those found in long-lived endothermic birds and mammals. Our results thus show that climate and life history can interact in similar ways across biologically very different vertebrate species, and suggest that these patterns may be very general.
Stochastic variation in weather and climate increases the temporal variation in fitness components, thereby affecting the dynamics and extinction risk of a population (Andrewartha and Birch 1954, Lande 1993) . Recent studies have revealed that weather does not affect all age classes and both sexes in the same way (Leirs et al. 1997 . For example, temperature fluctuations explained a large proportion of the variance in juvenile but not adult survival in barn owls (Altwegg et al. 2003) . The effect of environmental variability on fluctuations in population numbers therefore critically depends on the demographic composition of the population and the life history of the species (Saether et al. 2002) .
The effect of variation in a particular fitness component on variation in population numbers depends on how sensitive the population growth rate is to changes in that component (Caswell 2001) . In large herbivores and long-lived birds, for example, the population growth rate is least sensitive to variation in reproduction and survival of young individuals (Saether 1997 , Gaillard et al. 2000 ). Yet, those fitness components that have the least effect on population growth rate tend to be the most variable ones (Gaillard et al. 2000) , whereas traits more closely linked to population dynamics tend to be less variable (Saether and Bakke 2000) . This pattern may be due to selection for reduced variance, acting most strongly on those traits that are closely linked to fitness (Gillespie 1977 , Stearns and Kawecki 1994 , Pfister 1998 .
Stochastic environmental factors may thus affect populations through complex interactions with demography. However, only detailed individual-based studies of natural populations can unravel such processes. Although such data sets have begun to accumulate for large mammals and birds, where individuals can be followed relatively easily throughout their lives (Gaillard et al. 1998, Saether and Bakke 2000) , there is almost no information on the interplay between demography and environmental stochasticity in ectothermic vertebrates. Yet, the insights gained from endothermic mammals and birds may not be readily applicable to ectothermic vertebrates for two reasons. First, the activity patterns of ectotherms such as reptiles and amphibians depend more on ambient temperature than those of mammals and birds. Second, the low energy requirements make ectotherms less susceptible in terms of survivorship to long periods of weather-caused food shortage (Pough 1980 , Peterson et al. 1993 . Thus, to understand how weather affects fitness and population dynamics of ectothermic vertebrates, we need longterm individualbased studies.
Here we illustrate the interaction between weather and demography in a threatened ectothermic vertebrate, the asp viper (Vipera aspis L.). We monitored 415 individuals in six populations located in the Jura mountains in northern Switzerland for 6 to 17 years Dummermuth 1993, Flatt et al. 1997) . First, we estimated age-and sex-specific survival rates and the reproductive rate of females using capture Á/mark Á/recapture models (Lebreton et al. 1992) . Second, we used the same methods to relate temporal variation in these fitness components to active-season and winter weather. Finally, we estimated the sensitivity of the population growth rate to changes in each of the fitness components using matrix population models and calculated the effects of weather-caused variation on population growth (Caswell 2001) . Several studies estimated survival rates in snakes (Saint Girons 1957 , Viitanen 1967 , Gregory 1977 , Brown and Parker 1984 , and examined the effect of weather or climatic conditions on various aspects of reptile ecology (Moser et al. 1984 , Peterson et al. 1993 , Daltry et al. 1998 , Flatt et al. 2001 , Sun et al. 2001 , Lourdais et al. 2004 . Our study extends these findings in two important ways. First, we account for variation in detection probability, which is likely to be lower for juvenile than for adult snakes, and may depend on the weather during the surveys. Second, we explicitly model the life cycle of our study organism, and thus estimate the impact of external factors (such as weather) on population dynamics through variation in a particular fitness component. An explicit representation of the life cycle is necessary because similar changes in two different fitness components will not necessarily have similar effects on overall fitness and population dynamics (Ehrlén 2003) .
Methods

Field methods
Between 1986 and 2002, we monitored six isolated populations of asp vipers. Flatt and Dummermuth (1993) and Flatt et al. (1997) provide a description of the natural history of the asp viper and methodological details of fieldwork. Sample sizes and short descriptions of the study sites are given in Appendix I. We visited each site between one and 35 times per year during the entire activity period, from mid-March to mid-October, but 74% of the observations were made between May and September. Snakes were located from a distance with telephoto lenses, binoculars or by sight while walking slowly through the terrain. Identification of known individuals was based on photographs and detailed drawings of the head and neck coloration made at first encounter. We used overall coloration, dorsal colour pattern, scars and other distinctive marks for identification. In most cases, individuals were clearly identifiable from close distance and were only handcaptured if their identity was in doubt (10 Á/20% of the cases). For each individual we recorded at every encounter the age class, sex, sight-estimated size, and reproductive status for females. Gravid female asp vipers recognisably change their body proportions within a few weeks after copulation. In doubtful cases, the snake was captured and its reproductive status verified by handscanning the body. We avoided capture whenever possible in order to minimise the disturbance of these threatened animals. Comparisons using captive animals showed that our estimates of body size are within 10% of the measured size (S. Dummermuth, unpubl.).
Age determination of individuals at first encounter was based on approximate body size. We classified individuals smaller than 30 cm as juvenile, individuals between 30 and 50 cm as subadult, and larger individuals as adult. In our populations, female vipers generally start reproducing at 50 cm and in their 4th or 5th year (S. Dummermuth, pers. obs.). Males may start reproducing earlier, but their reproductive status could not be assessed in the field. Since the subadult stage usually takes three years to complete, we assigned individuals to yearly age classes based on their size at first encounter, assuming similar growth rates among individuals over the first four years of life (first year subadult: B/37 cm, second year: between 37 and 44 cm, third year: /44 cm). Growth may vary with food abundance, and our size estimates may be less accurate than if we had been able to hand-measure each individual. We therefore estimated the impact of potential errors in age determination on our survival estimates for population B, which is the smallest population with age effects, and thus potentially most affected by errors. We generated ten data sets that were equal to the original one, except that we added a substantial amount of random error to the estimates of body size. The errors were drawn from a normal distribution with standard deviation equal to 10% of the estimated body size. The ten data sets with artificially increased error yielded survival rates that were almost identical to the ones obtained from the original data set. The most extreme value for any survival rate was within 70% of the standard error of the original estimate, and our estimates are therefore robust to errors in age and size determination.
Statistical methods
We used basic capture Á/markÁ/recapture (CMR) methods (Lebreton et al. 1992 ) to estimate recapture and survival rates. CMR methods allow modelling of the recapture rate (probability that an individual was recaptured or resighted at time i, given that it was alive and in the study area at that time) independently of the survival rate. We can therefore examine factors affecting the recapture rate (e.g. effort in the field) and the survival rate separately, and CMR gives unbiased estimates of survival even if a proportion of the individuals was not observed at every recapture occasion. Mortality here includes both death and permanent emigration. In terms of the population ecology of vipers in our area, death and emigration are essentially equivalent, since we only observed two adult males who successfully moved between populations and there are no other populations nearby where emigrants could establish. Second, we used multi-state extensions of CMR models to calculate reproductive probabilities of females (Nichols et al. 1994 ). CMR models assume that all individuals within one group have the same probability of survival and recapture in each time step, and that all individuals are identified correctly (Lebreton et al. 1992) . We verified that our data met these assumptions using a goodnessof-fit test provided by the program RELEASE (Test 2'/3, Burnham et al. 1987 ) and found that a general time dependent model described the data well (each population tested separately: A: x 2 0/33.30, df 0/29, P 0/0.27; B: x 2 0/25.72, df0/23, P 0/0.22; C: x 2 0/9.07, df0/6, P0/0.17; D: x 2 0/15.51, df0/18, P 0/0.63; E: x 2 0/15.70, df 0/12, P0/0.21; F: x 2 0/19.23, df 0/17, P0/0.32). The other models are generalisations or simplifications of these models and do therefore also meet the assumptions. We are, however, violating the additional assumption that recaptures are instantaneous in time, and this may lead to overestimating survival. Hargrove and Borland (1994) estimated this bias to be B/5% in situations comparable to ours.
Because the sample sizes precluded fitting large numbers of models or overly complex models, we limited our analyses to a few factors that seemed most likely on biological grounds, and a minimal number of models. These models form our set of candidate models. Additional models, coming up as interesting alternatives during analysis, were fitted a posteriori and are marked in the tables accordingly. All models were fitted using maximum-likelihood methods implemented in the program MARK (White and Burnham 1999) . To compare models we used the sample-size adjusted Akaike's information criterion (AIC c ; Burnham and Anderson 2002) . The model with the lowest AIC c value is best supported by the data. For each model, we also calculated Akaike weights (w) to assess the relative support from the data for a particular model as compared to the other models in the set (Burnham and Anderson 2002) . Model selection identifies the model that best describes the structure in a data set, and favours the model that provides the best balance between overfitting (hence loss of precision) and underfitting (hence bias, Burnham and Anderson 2002) . Like with any statistical method, smaller effects need larger sample sizes to be detected, and smaller data sets therefore tend to select simpler models than large data sets.
Modelling and estimation of recapture and survival probabilities We proceeded in three steps. First, we investigated sexand age-differences, and temporal variation in survival and recapture rates for each of the six populations separately. Second, we analysed differences between populations in age-specific survival and recapture in a single analysis. It turned out that sex effects were always weaker than age effects, with opposite trends across populations. In order to simplify the modelling procedure, we therefore did not examine sex differences at this second step. Third, we related age-specific survival to weather variation, using data provided by MeteoSwiss meteorological stations. An initial analysis with the largest data set (population F) showed that variation in survival and recapture was best represented by positive linear relationships with age, and we used this relationship for the rest of the analysis. As a consequence, estimates for subadults always lay between the estimates for adults and juveniles, and we do not always report the former separately. We also investigated whether recapture effort, i.e. the number of visits to a field site, affected the recapture rate in all populations. If a population was not visited at all in a particular year, the recapture rate was set to zero for that year. Daily mean temperatures were measured at Wynau (UTM coordinates: 626400/ 233860, 422 m above sea level, for populations A to E) and Neuchâtel (563110/205600, 487 m a.s.l., for population F) and monthly precipitation was measured at Balsthal (619250/240860, 502 m a.s.l., for populations A to E) and Yverdon (539840/181450, 433 m a.s.l., for population F). We considered separate models for the effect of winter and active-season weather. The winter effect consisted of the mean temperature measured on the coldest day and the number of days with mean temperature below 08C. The active-season effect consisted of the linear and quadratic effects of mean daily temperature and mean monthly precipitation between 1 April and 31 October. Quadratic effects were included in the active-season effect because snakes may be sensitive to extreme weather conditions at both ends of the scale (Saint Girons 1952 , 1981 . Each of the climate effects entered the models either as a main effect or as an interaction with the age effect. As none of the weather variables were significantly correlated with each other, we did not attempt to reduce their number by principal components analysis.
Analysis of probability of reproduction
We estimated the probabilities for females to reproduce in a given year using multi-state models (Nichols et al. 1994) . We defined two states that sexually mature females could assume: gravid versus non-gravid. The transition probabilities between these states were then 1) the probability of becoming gravid in the following year for a currently non-gravid female (c nr ); 2) the probability for a non-gravid female to remain in this condition (1 Á/c nr ); 3) the probability of not being gravid in the following year for a currently gravid female (c rn ); and 4) the probability for a gravid female to be gravid again in the following year (1 Á/c rn ). These transitions are conditional on survival, i.e. an individual has to survive the time interval before it can change its state. We further make the presently untestable assumption that all individuals with a particular state are equally likely to change from one state into the other. The analysis of reproductive probability included only adult individuals, even though some of the individuals classified as 3rd year subadult may have reproduced in rare cases. Due to the large data requirements of multi-state models, we pooled the data of the populations in close proximity to each other (A to E) and only considered the period between 1994 and 1999 during which all these populations were studied simultaneously. Population F yielded enough data to be analysed separately. We examined the effects of temporal variation and active-season weather on both transition probabilities. We did not consider quadratic effects of active-season weather as in the survival analysis because the smaller sample size and the shorter time span did not warrant more complex effects.
Matrix population modelling
We used Leslie matrices to estimate the sensitivity of the population growth rate (l) to variation in vital rates. Methods exist to estimate sensitivity from CMR data directly (Nichols et al. 2000) . However, with strongly age-dependent survival as in our data set, these methods are not applicable. The matrix entries were the agespecific survival rates taken from the CMR models and reproductive rates (Appendix II). The latter are the product of the probability for females to reproduce, litter size, the sex ratio within the litter, and the survival probability of new-born from birth in late fall until next spring. Whereas the probability of reproducing was also obtained from the CMR models (above), data on the other components of recruitment could not be estimated from the data directly. We therefore used data obtained from the literature, supported by occasional observations in our study populations. We used a mean litter size of ten, a 1:1 sex ratio (Saint Girons 1952, Flatt and Dummermuth 1993) , and set the survival of new-born equal to the survival of juvenile individuals. Due to the uncertainty in the estimate of reproductive rates, we did not further examine variation in this trait. First, we assessed the effects of variation in fitness components on population growth using sensitivity and elasticity analyses (Stearns 1992 , Caswell 2001 . We calculated 95% confidence limits by generating 1000 matrices with elements drawn from a normal distribution with mean and variance obtained from the logit transformed CMR estimates. After being sorted by their magnitude, the 25th and 975th bootstrap replicates represent the lower and the upper confidence limits. Second, in a retrospective analysis (Caswell 2000) , we asked how much of the weather-caused variance in survival during the different life stages contributed to variation in l. To do this, we used survival rates obtained from the weatherdependent CMR model and multiplied the variances in stage specific survival with the square of the corresponding sensitivities (Caswell 2001) . All matrix analyses were performed for the pooled populations A to E and for population F using the S-plus-2000 software package (Insightful Corp., Seattle USA).
Results
Recapture rates
Model selection showed that the recapture probabilities were lower for juvenile than for adult snakes in popula- 
Patterns of survival
Model selection showed similar demographic patterns in all populations. AIC c favoured the model incorporating age-dependent survival in populations A, B, E, and F (Table 1) . Survival was lowest for juveniles, higher for subadults, and highest for adults (Fig. 1) . Population C showed a similar pattern, but the confidence intervals for the estimates were large. The best estimate of the relationship in population D was very near zero (Fig. 1) . The AIC c -selected best models did not include differences between the sexes in any population except F. Population F included the effect of sex and the interaction between age and sex, suggesting higher survival for adult females compared to adult males, but equal survival of the juveniles of both sexes (Fig. 1) . Survival stayed fairly constant throughout the duration of our study in all populations, and the models accounting for potential time effects were always poorly supported by the data.
Comparison between populations
We quantitatively compared all populations, A through F, in a single analysis. We used all data collected between 1986 and 2002 while setting the corresponding recapture rate to zero if a population was not sampled in a particular year. The best-supported models accounted for the effects of sampling effort and age on recapture Table 1 . Model selection for survival of asp vipers in six populations (A to F) in northern Switzerland. The selected models for the recapture probability included the effects of sampling effort (A, B, C), age (A, C, D), time (E), and simultaneous effects of age, time and their interaction (F) (model selection for recapture not shown). The fit of the models is assessed by Akaike's information criterion (AIC c ); lower values indicate better fit. DAIC c gives the difference in AIC c between each model and the best model (in bold). The Akaike weights (w) assess the relative support that a given model has from the data, compared to the other models in the set. K is the number of estimated parameters of a given model. The deviance is the difference in (/2 log likelihood between each model and the saturated model, the saturated model being the one with the number of parameters equal to the sample size. rates (models 2 to 11, Table 2 ). AIC c further showed that recapture rates differed between populations (models 4 to 11, Table 2 ). Among the a priori models (models 1 to 10, Table 2 ), AIC c selected the one allowing for survival differences between populations and accounting for interactions between age and winter weather (model 8).
A close competitor of model 8 was model 2, excluding the effect of winter weather, while the other models were poorly supported. A posteriori, we investigated the role of winter harshness by fitting a reduced winter-weather model including only the effect of the number of days with temperatures below zero. The AIC c value of this model was 3.26 units lower and thus considerably better supported by the data than the best a priori model, suggesting that juvenile survival was strongly dependent on winter harshness whereas adult survival was unaffected ( Fig. 2) .
Probabilities of reproduction
The multi-state models required pooling populations A to E for calculating the probability for females to become gravid, but we were able to examine population F separately. Model selection suggested constant reproductive probabilities over time except that reproducers in population F were more likely to reproduce again after relatively warm and wet summers (model 1 and model 5, Table 3 ). Model 1, suggesting constant reproductive probabilities, was a close competitor to the best model in population F. In populations A to E the probabilities of reproducing in the following year were 0.27 (95% Table 3a ) resulted in a poorly fitting model (K0/4, deviance 0/132.608, AIC c 0/ 240.999, DAIC c 0/2.361). For population F, we found no evidence for differential survival between the two types of females (adding this factor to model 5, Table 3b , resulted in a poorly fitting model: K 0/7, deviance 0/ 151.503, AIC c 0/278.802, DAIC c 0/2.163).
Sensitivity of l to variation in survival and recruitment
The matrix model (Appendix II) yielded an asymptotic population growth rate (l), i.e. the growth rate once the population has reached a stable age distribution (Caswell 2001) , of 0.873 (95% confidence interval: 0.811/0.936) for the pooled populations A to E and 1.057 (0.943/ 1.152) for population F. These estimates show that populations A to E are projected to decrease given the estimated fitness components, whereas population F is projected to stay constant. For all populations, the sensitivity and elasticity analyses consistently showed that population growth was most affected by variation in adult survival and least affected by variation in reproduction (Table 4) . However, the retrospective analysis showed that weather affected l most strongly through the survival of juveniles as weather caused the largest variation in this life stage (Table 4) .
Discussion
This study examined the interactive effects of demography and weather on fitness components, and their effect on the growth rate of six populations of a threatened European snake, the asp viper. Despite the large biological differences of the study species, our results reveal the same patterns reported for mammals and birds (Gaillard et al. 1998, Saether and Bakke 2000) , suggesting that these patterns may be general for terrestrial vertebrates. Our main finding is that variation in juvenile survival, but not adult survival, was strongly affected by winter temperature. Winter temperature affected population growth rate predominantly through variation in juvenile survival, even though the sensitivity of the population growth rate to juvenile survival was lower than to adult survival.
Climatic variation often affects subsets of a population differently, and in such cases its effect on population dynamics depends on the current demographic composition of the population (Leirs et al. 1997 , Stenseth et al. 2002 . For instance, different responses of the sexes and age classes to climatic variation is one of the factors leading to different population dynamics in the otherwise ecologically similar red deer and Soay sheep on Scottish islands (CluttonBrock and Coulson 2002) . If such patterns are common, detailed knowledge of the demography and differential susceptibility of demographic components of a population to climatic variation is crucial for a mechanistic understanding of population dynamics. Despite the extensive literature on snake population ecology (Parker and Plummer 1987) , there are few data on survival under natural conditions (Turner 1977 , Shine and Charnov 1992 , Flatt et al. 1997 ). This lack of information is one of the major constraints in snake conservation (Dodd Jr. 1993) . Table 3 . Model selection for multi-state models examining the probability of asp vipers to reproduce in populations A to E (a, n0/ 51 females), and F (b, n 0/34 females). We included data collected between 1994 and 1999 for populations A to E, and data collected between 1987 and 1992 for population F. For both data sets the most parsimonious model included constant survival and recapture rates, except that reproducers survived better than non-reproducers in populations A to E (model selection for these components not shown). K is the number of structural parameters, which were all estimable for the best-supported models. See also legend to The results presented here suggest that survival of juvenile asp vipers is more susceptible to harsh winter conditions than are other fitness components. Several factors could lead to these results: differences between age classes could arise because young individuals are less experienced in finding suitable winter quarters than adults. Alternatively, juveniles may be more likely to run out of fat reserves during hibernation than adults. Our results are unlikely to be affected by differential emigration, as our results would imply greater mobility of young snakes in colder winters, which seems unlikely for these ectothermic organisms. Substantial winter losses have also been found in adult garter snakes (Thamnophis sirtalis ; winter mortality: 34 to 48%; Gregory 1977) , and in the European adder (Vipera berus ; juvenile mortality: 47.2%, and adult mortality: 18.1%; Viitanen 1967) . These estimates are probably biased high, however, as these studies could not account for detection probabilities.
In accordance with the general patterns found in longlived turtles, birds and mammals (Crouse et al. 1987 , Pfister 1998 , Gaillard et al. 2000 , Saether and Bakke 2000 , population growth in our asp viper populations was less sensitive to changes in the more variable juvenile survival than the less variable adult survival. Yet, winter weather affected population growth predominantly through juvenile survival because it caused most variation in this trait. This is consistent with the finding that ungulate population dynamics are mostly driven through variation in juvenile survival despite the relatively low impact of this fitness component on population growth (Gaillard et al. 2000) .
Our age-specific estimates of survival compare well with earlier estimates on this or similar species Plummer 1987, Flatt et al. 1997 ). For example, Flatt et al. (1997) found an average adult survival rate of 0.75 for populations A and B over the first six and nine years of the study. Our corresponding estimates are 0.74 for populations A to E, and 0.84 for population F. However, as in our previous study (Flatt et al. 1997) , we were unable to detect temporal variation in survival of adult vipers. In contrast, the studies by Brown and Parker (1984) and Forsman (1995) have found substantial variation in survival among years. This result potentially is affected by variable recapture success, for which these studies did not correct.
While it generally appears that juvenile and first-year mortality is higher than adult mortality among snakes (Saint Girons 1957, Brown and Parker 1984) , there is little data on survival of young age classes, and to our knowledge only one study accounted for the possibly lower detection probabilities of young snakes (Stanford 2002) . Viitanen (1967) found lower survival in juveniles as compared to adult V. berus, and Saint Girons (1957) estimated a mortality of over 50% in V. aspis during their first months of life. Consistent with this, Jayne and Bennett (1990) and Stanford (2002) found that larger body size positively affects survival in garter snakes, Forsman (1993) demonstrated size-dependent differences in survival of V. berus, and Baron et al. (1996) showed variation in age-specific survival for Vipera ursinii . In our study, we used body size at first encounter as a measure of age and assumed similar growth rates for all snakes during the first four years of their life. We can therefore not strictly distinguish between age effects and size effects. However, our results are mainly based on contrasts between juveniles and adults, the two life stages least sensitive to these assumptions. If anything, inaccuracies in age determination and variation in growth rate would have led to underestimated age effects, and our results are thus conservative. We further found that potential errors in size determination had a negligible effect on our results.
Based on observations that did not take into account variation in detection probabilities, Saint Girons (1952 Girons ( , 1957 argued that female vipers reproduce every two to four years. Using the multi-state model, we could quantify the breeding probability and found that the Table 4 . Sensitivity (with 95% confidence limits) and elasticity of the population growth rate (l) of asp vipers in northern Switzerland to variation in fitness components. Both analyses ask by how much growth rate is changed by a certain change in a fitness component. The former considers absolute changes, whereas the latter considers proportional changes and is thus better suited to compare traits that are measured at different scales. The elasticities sum to one over the whole life cycle. The retrospective analysis (RA) asks how much the observed variance in survival, caused by winter weather, contributed to variance in l, and is given in % relative to the other survival rates. Sample sizes for the retrospective analysis were 16 years for the pooled populations A-E and five years for population F. estimated annual probability for females to become gravid ranged from 26% to 60% in our study populations. This result suggests that females reproduced on average every second to fourth year (Flatt and Dummermuth 1993) , even though the confidence intervals around these estimates were relatively large. Interestingly, the probability of reproducing did not depend on whether a female had reproduced in the year before or not. This result contrasts with estimates from an asp viper population in western France, where females reproduce only after having reached a certain threshold in body condition, and most of the females were found to reproduce only once in their life-time (Naulleau and Bonnet 1996 . We found at least two females that were gravid in four consecutive years. Furthermore, we found no evidence for reduced survival of reproductive females. If anything, they had higher survival than non-reproducers. The difference between these studies suggests that there is considerable geographic variation in life history of Vipera aspis (Moser et al. 1984) . The effects of weather and microclimatic conditions on many aspects of the ecology of terrestrial ectothermic vertebrates such as reptiles is well studied (Moser et al. 1984 , Peterson et al. 1993 , Daltry et al. 1998 , Flatt et al. 2001 , Sun et al. 2001 , Lourdais et al. 2004 ), yet linking this knowledge to population dynamics requires detailed demographic models. So far, the precise demographic data required to parameterise such models are rare for reptiles and amphibians (Flatt et al. 1997 , Anholt et al. 2003 . This is partly due to the difficulty of observing these mostly secretive and less active ectotherms. Here we present such a demographic model for the asp viper. While our data permitted us to model age-specific survival, we could not observe reproduction frequently enough to analyse the effects of weather on variation in reproductive output. Nevertheless, our study is a step towards a better understanding of the factors driving the population dynamics of ectothermic vertebrates. For instance, many Swiss populations of the asp viper have been declining, with some populations going extinct (Moser et al. 1984 , Monney 2001 . Except for habitat destruction, the factors driving the decline or extinction are typically unknown. Only longterm ecological field studies based on large numbers of populations and individuals can unravel the underlying causes of such changes in population dynamics. Our study suggests that a complex interplay between climatic variation and demography may be important for the population dynamics of ectothermic vertebrates.
